INTRODUCTION
Even with the best technique, surgery for cancer is usually associated with release of cancer cells into the lymphatic system and bloodstream, and a large fraction of patients already have micrometastases and scattered cancer cells at the time of surgery. 1 Whether residual postoperative cancer results in clinical metastases depends largely on the balance between antimetastatic immune activity and the tumour's ability to seed, proliferate, and attract new blood vessels. 2 In practice, the immune system and other host defences often fail to neutralise minimal residual disease; consequently, local recurrence and metastatic disease remain common after surgery.
At least three perioperative factors threaten complete surgical eradication of cancer. The first is surgery itself, which releases cancer cells into the circulation, 1 depresses cell mediated immunity including functions of cytotoxic T cells and natural killer cells, 3 reduces circulating concentrations of tumour related antiangiogenic factors (such as angiostatin and endo statin), 4 increases concentrations of pro-angiogenic factors such as vascular endothelial growth factor, 5 and releases growth factors that promote local and distant growth of malignant tissue. 2 The second factor is anaesthesia itself, which impairs many immune functions, including functions of neutrophils, macrophages, dendritic cells, T cells, and natural killer cells. 6 The third factor is opioids, which are given to control surgical pain. Opioids inhibit both cellular and humoral immune function in humans. 6 Furthermore, morphine is pro-angiogenic and promotes growth of breast tumours in rodents. 7 Consequently, non-opioid analgesia helps to preserve the function of natural killer cells in animals and humans and reduces metastatic spread of cancer in rodents. 8 Regional anaesthesia (intraoperative block of nociception) and analgesia (postoperative pain relief) attenuate or prevent each of these adverse effects. For example, regional anaesthesia largely prevents the neuroendocrine stress response to surgery by blocking afferent neural transmission from reaching the central nervous system and activating the stress response and by blocking descending efferent activation of the sympathetic nervous system, 9 so little if any opioid analgesia is needed. Regional analgesia also reduces release of endogenous opioids. 10 Consequently, little opioid induced immune impairment occurs. 9 As might be expected, surgical stress is attenuated better by regional than by general anaesthesia. Consequently, natural killer cell function is better preserved and metastatic load to the lungs is reduced in a rat model of breast cancer metastasis. 3 Available data thus suggest that regional block with local anaesthetic helps to preserve effective defences against progression of tumour by attenuating the surgical stress response, by reducing or eliminating the need for volatile anaesthetics, and by sparing postoperative opioids. Animal studies are consistent with this theory, showing that regional block can reduce the metastatic burden in animals inoculated with breast adenocarcinoma cells. 3 11 Only small observational studies are available in humans; two reported beneficial effects with regional anaesthesia in breast cancer and prostate cancer, 12 13 whereas three others did not in colon cancer, prostate cancer, and cervical cancer [14] [15] [16] ; another reported equivocal results in prostate cancer. 17 We previously did a multicentre randomised trial comparing regional block in patients having major abdominal surgery, many of whom were having potentially curative resection of cancer, mostly colon cancer. 18 Patients in this MASTER trial had surgery 9-15 years ago, providing a unique opportunity to assess their cancer status and long term survival. Our aim was to identify whether epidural block reduces recurrence of cancer and improves survival. Specifically, we tested the hypothesis that epidural block for patients with comorbidity having major abdominal surgery and apparently complete resection of cancer reduces the risk of recurrence of cancer and death.
METHODS

Study design and participants
A detailed description of the design and 30 day outcomes of the MASTER trial has been previously published. [18] [19] [20] MASTER was a multicentre randomised clinical trial designed to test the hypothesis that combined epidural and general anaesthesia reduces the frequency of a composite end point of mortality and major postoperative complications compared with general anaesthesia and opioid analgesia. 19 It enrolled 915 patients having major abdominal surgery between July 1995 and May 2001. Patients were randomly assigned to receive intraoperative epidural anaesthesia and postoperative epidural analgesia (epidural group) or postoperative intravenous opioid based analgesia (no epidural group); all patients received general anaesthesia during surgery.
The protocol provided guidelines for premedication, intraoperative monitoring, site of the epidural (to be selected by the consultant anaesthetist to match the planned incision), use of intraoperative and postoperative epidural local anaesthetics to provide epidural block during and after surgery, induction and maintenance of general anaesthesia, replacement of blood and fluids, optimisation of core temperature and respiratory and cardiac function, criteria for tracheal extubation, and immediate postoperative medical management. With the exception of some pelvic operations, all epidural catheters were inserted in the thoracic region. Postoperative analgesia in the nonepidural group was mostly achieved with patient controlled, opioid based analgesia. In the epidural group, postoperative analgesia was managed with continuous infusions of bupivacaine or ropivacaine, supplemented with fentanyl or pethidine. Epidural analgesia was typically continued for three days after surgery.
For the clinical assessment of epidural block, we recorded minimum and maximum heart rates and systolic blood pressures during surgery in all patients as indicators of the clinical efficacy of intraoperative epidural block. After surgery, we measured intensity of pain at rest and after coughing in all patients by using a 10 cm visual analogue scale twice daily for the first three postoperative days as an indicator of effective pain control. Morphine remains the most widely used intraoperative and early postoperative opioid analgesic. Opioid usage was not recorded in the original MASTER trial database. We were none the less able to determine morphine use in the initial 72 postoperative hours from a single high recruiting site. We converted other opioids to morphine sulphate equivalents at ratios of 10:1 (pethidine) and 1:100 (fentanyl).
In the original study, among 440 patients randomised to the non-epidural group 19 (4.3%) had epidural analgesia established preoperatively or within 72 hours of surgery. Among 447 patients randomised to epidural analgesia, 29 (6.5%) did not receive an epidural, but in only 13 of these had it been unsuccessfully attempted (failure rate 4.6%). Among the remaining patients, the average duration for which the epidural remained in situ postoperatively was 74 hours. In this analysis, we analysed the height of epidural block achieved in the first three postoperative days and report maximal height as another indicator of effective postoperative epidural block. Use of nitrous oxide was not recorded in the original study, but the usual practice at that time was to include it in most cases.
An additional inclusion criterion for the follow-up study was that patients had complete surgical excision of cancer. Types of surgery included oesophagectomy, gastrectomy, hepatectomy, pancreatectomy, colectomy, nephrectomy, cystectomy, radical hysterectomy, and open prostatectomy. We excluded patients who were not having surgery for cancer (for example, aortic surgery) or in whom excision of the cancer was macroscopically incomplete, including those with distant metastasis at the time of surgery.
In this follow-up study, we collected additional data relating to type and size of cancer and extent of spread at the time of the original surgery. This required retrospective review of the medical records of all patients relating to the time of their original surgery, including pathology reports, formal reporting to cancer registries, operation reports, and discharge summaries. We used organ specific tumour-nodes-metastases staging and the American Joint Commission on Cancer tumour grading system to characterise the extent of malignancy and spread of cancer. 21 Follow-up of patients Additional ethics approvals enabled us to search existing databases for evidence of recurrence of cancer, death, and cause of death. We were sensitive to the possible distress associated with late follow-up of patients who had had surgery for cancer many years earlier, including to their families, and the patients' rights to confidentiality of hospital and cancer registry data. We therefore developed an algorithm that would minimise direct contact with patients or families and protect the confidentiality of individual patients' data. We sought follow-up data in the following order: the patient's medical record from the source hospital, hospital surgery or pathology databases (or both), the patient's general practitioner, state based cancer registry or national death index (or both), letter of introduction followed by telephone contact of the patient, and letter of introduction followed by telephone contact of the patient's next of kin. We used an approved script for the telephone contact with the patient or next of kin. The ethics committee from one centre amended the protocol to prevent patients being contacted by researchers, as some patients may not have been made aware of their original diagnosis of cancer; another centre permitted patients to be contacted only through the patient's general practitioner. All other centres' ethics committees approved the followup procedures as outlined in the protocol.
We also searched medical records and registries with a patient identification number, date of birth, and date of surgery. The Australian national death index records multiple causes of death. These include those conditions involved in the morbid train of events leading to death that were classified as the underlying cause, the immediate cause, or any intervening causes and those conditions that contributed to death but were not related to the disease or condition that caused death. We classified the cause of death as primarily due to cancer, cardiovascular disease, sepsis, and other causes.
Study end points
The primary end point of the study was cancer-free survival after surgery; the secondary endpoint was survival (all cause mortality). We calculated recurrence of cancer and survival from the date of surgery until the event occurred or until last known contact. We censored patients who were lost to follow-up at the time of last record. Research staff blinded to exposure status collected all outcome data.
A preliminary evaluation of the original MASTER trial database suggested that about 600 patients had complete surgical excision of a cancer and would be eligible for inclusion in this follow-up study. Most of these patients had primary colorectal cancer, for which five year survival is approximately 50% and 12 year survival is less than 20%. If epidural block reduced recurrence-free survival by 25%, then 250 patients per group would provide 89% power with a two sided α of 0.05. For a reduction from 50% to 37.5% (a relative reduction of 25%) in cumulative five year survival, 247 patients per group (total 494) would be needed to provide 80% power with a two sided α of 0.05. However, a relative reduction of a third (from 50% to 33%) would require only 131 patients per group.
Statistical analysis
We based analyses on the intention to treat principle; we thus included all randomised patients who had potentially curative surgery for cancer. We constructed time to recurrence and, separately, time to death from any cause for both groups with KaplanMeier survival estimates and compared them by using the log-rank test. We used a Cox proportional hazards model to adjust for imbalances of potentially important covariates, with assessment of the requisite proportionality assumptions. We planned to include patients' sex, age, and type of surgery in our adjusted analyses and tests of subgroup interaction. Also, in view of recent publications suggesting a possible effect modification of age groups under 65 years and 65 years or over, 14 local spread at the time of surgery, 22 and survival pattern after surgery, 22 we did additional post hoc exploratory analyses to investigate such effects. Because the outcomes of cancer are usually summarised in terms of five year survival and five year disease-free survival, we also examined these end points, initially with two by two tables assessed with the χ 2 test and then in a multivariate logistic model with recurrence of cancer or death from any cause within five years of surgery as the end point. We express results as either hazard ratios or risk ratios with 95% confidence intervals.
Subgroup analyses assessed patients' sex, age groups, and each major organ surgery. For these factors, we tested for interaction by using the Breslow-Day test for homogeneity of odds ratios across strata. 23 Because previous studies have suggested a variable effect of epidural block over shorter (<1.5 years) and longer time frames after surgery, 22 we assessed this effect in our dataset. We used SPSS for Windows, version 18 for analyses.
RESULTS
Of the original 915 eligible patients in the MASTER trial, 163 had vascular surgery alone and 246 patients had major abdominal surgery for non-cancer causes; No patient or next of kin refused; one local medical practitioner refused to attempt to contact a patient who was thought to be alive, not having seen the patient for more than eight years. Some centres were unable to follow up patients because medical records had been destroyed and electronic hospital databases were unavailable; we were thus unable to determine survival status or date of death for a further 24 patients. Only four (<1%) of the patients had incomplete (censored) data within the first five years after surgery. Table 1 shows the distribution of perioperative risk factors in both groups. Baseline characteristics of the two groups, as might be expected from the randomised design, were comparable in each group. Types of cancer surgery, and measures of tumour invasiveness and differentiation, were also similar in the two groups.
Patients assigned to epidural anaesthesia were given more intravenous fluid and more red cell transfusions, as might be expected from the sympathetic block associated with effective epidural anaesthesia (table 2). The median maximal block height over the first three days after surgery in the epidural group was thoracic dermatome T4 (interquartile range T2-T6, range T1-T10). Four patients received at least one dose of pethidine, and three were each given a single dose of fentanyl. Median morphine sulphate equivalent usage over the first 72 hours after surgery was 0 (interquartile range 0-31) mg for epidural patients and 107 (44-202) mg for control patients (P<0.001).
The median time to recurrence of cancer or death was 2.6 (interquartile range 0.7-8.7) years in the epidural group and 2.8 (0.7-8.7) years in the non-epidural group (P=0.61). Recurrence-free survival was similar in both epidural and non-epidural groups (hazard ratio 0.95, 95% confidence interval 0.76 to 1.17; P=0.61 (fig 2) . Five year recurrence and mortality rates were comparable (table 3). We found no interaction across each of the three pre-defined subgroups (fig 3, all P>0 .10). Recurrence-free survival remained essentially unchanged when restricted to 1.5 years after surgery (hazard ratio 0.95, 0.75 to 1.36; P=0.95). An analysis that included all the additional patients who had distant metastatic disease at the time of surgery but still had complete resection of the primary cancer (n=22) showed a similar risk of cancer-free survival (hazard ratio 0.94, 0.76 to 1.16; P=0.56).
Cox regression identified significant predictors of early death or recurrence of cancer as patient's age (P<0.001), female sex (hazard ratio 0.65, 0.52 to 0.82; P<0.001), and red cell transfusion (hazard ratio 0.63, 0.47 to 0.84; P=0.002) but not epidural group (hazard ratio 1.04, 0.84 to 1.30; P=0.72). After adjustment for age and sex, type of cancer surgery had no significant effect on cancer-free survival (P=0.31). These estimates were similar after inclusion of the degree of differentiation of the cancer, tumour-nodes-metastases classification, or both at the time of surgery. Causes of death did Heart failure 26 (11) 16 (7) Hepatic failure 23 (10) 19 (9) Renal failure 5 (2) 10 ( not differ significantly between groups (P=0.83); cancer was the primary cause in 62% of epidural patients and 57% of non-epidural patients (table 3) .
DISCUSSION
Anaesthetics and cancer recurrence
Host defence is well established as the primary determinant of progression of cancer, and function of natural killer cells is the single most important component. The stress response to surgery, volatile anaesthesia, and opioid administration all directly impair natural killer cell function, 3 6 and each effect is ameliorated by spinal/epidural anaesthesia. In vitro, animal, and some observational human data suggested that epidural block would substantially reduce the risk of recurrence of cancer. 3 11-13 Our results, though, fail to support this hypothesis: recurrence-free survival and mortality were nearly identical in both groups.
Bowel cancer is the third most common non-skin cancer diagnosed in Australia and most other parts of the world. 24 That most of our patients had colon cancer is thus unsurprising, especially as colectomies are highly suitable for epidural anaesthesia. Tumour biology varies considerably from organ to organ, and the effects of regional block, if any, are likely to vary from site to site. Although we had extremely limited power for evaluating the independent effects of epidural block on various types of cancer, we also found no evidence that regional analgesia reduced recurrence of cancer or mortality for any subgroup included in our analysis.
The major putative mechanisms by which regional block might reduce the risk of recurrence of cancer are decreasing the surgical stress response, reducing the requirement for volatile anaesthesia, and obviating the need for opioid administration. Nearly all our patients were given thoracic epidural analgesia. The thoracic approach blocks the sympathetic nervous system and ameliorates immune suppression induced by surgical stress much better than does lumbar epidural anaesthesia 25 ; it was thus ideal for our purpose. The MASTER trial did not compare epidural anaesthesia alone with general anaesthesia alone. Instead, the comparison was between combined epidural and general anaesthesia and general anaesthesia alone. The dose of volatile anaesthetic was not recorded in the MASTER trial but surely was reduced in the patients who received epidural anaesthesia. 26 Finally, postoperative epidural analgesia was effective in that the median dose of opioid (in morphine sulphate equivalents) was 0 mg in the epidural group compared with a median of 107 mg in the patients who had general anaesthesia alone.
We identified other factors that were associated with poorer cancer-free survival after surgery. These included older age, female sex, tumour-nodesmetastases status (results not shown), and intraoperative red cell transfusion. These exploratory findings are consistent with many previous studies and support the internal validity of our dataset, as well as providing confidence that we have not missed a true independent effect of epidural block.
Comparison with other studies Several small observational studies have evaluated the effects of regional analgesia on recurrence of cancer; some reported benefit, 12 13 whereas others did not. [14] [15] [16] However, no study randomly assigned patients to regional analgesia; each was thus affected by selection bias and confounding, which are inherent in observational analyses. 27 Recurrence rates have only once been reported in patients who were randomised to epidural analgesia or not. 22 However, only 145 patients with non-metastatic disease were included and the results were equivocal, showing improved survival up to 1.5 years with no difference thereafter.
Strengths and limitations of study
A strength of this study is that we compared its 9-15 years' outcomes in a relatively large group of patients who were randomly assigned to general anaesthesia combined with epidural anaesthesia and analgesia versus general anaesthesia and opioid analgesia. Our sample size was limited by the size of the original MASTER trial and the fraction of those patients who had potentially curative surgery for cancer. Furthermore, follow-up data were not available for a small fraction of the patients for various reasons. Our analysis was thus restricted to 230 patients in the epidural group and 215 patients in the non-epidural group. It was well powered to detect a one third treatment effect but lacked power to reliably detect smaller effects that might still be of considerable clinical importance, particularly for individual types of cancer. Our study does not provide information on the effects of regional blockade on non-abdominal (for example, breast) cancers. Additional large trials are thus clearly warranted. Several prospective randomised trials of regional analgesia and recurrence of cancer have started in recent years (NCT00684229, NCT00418457, and NCT01179308). However, given the time needed for enrolment of patients and prolonged observation for recurrence, results will probably not be available for five years or longer. Our results are likely to be the only randomised data on this subject for years to come. At the very least, our results suggest that in vitro, animal, and observational human data about regional block and recurrence of cancer should be extrapolated to patients with considerable caution. Although compelling short term reasons exist to use epidural analgesia in many patients, reducing the long term risk of recurrence of cancer may not be among them.
Concerns have been raised about the expertise and management of the epidural analgesia provided to patients in the original MASTER trial. 28 We thus provide some additional information in our methods section. The failure rate of insertion was very low (4.6%), and in any case we could show effective epidural block, reduced pain scores, and a substantial reduction in opioid administration in the postoperative period.
Conclusions and clinical decision making implications
In summary, we report the first long term follow-up of recurrence of cancer in patients assigned to general anaesthesia combined with epidural anaesthesia and analgesia or to general anaesthesia with opioid analgesia. Cancer recurrence rates and mortality were nearly identical in each group. The study had adequate power to detect relative risk reductions of about a third but 
